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Abstract: This paper proposes a method of river edge detection based on adaptive weighted
mathematical morphology. Firstly, a multi-shape and multi-scale structural element is constructed,
and the edge of Daliushu river is detected by structural elements of five shapes and four scales.
Secondly, the information entropy of the river edge in each image is calculated, and the weight
coefficient is determined adaptively according to the information entropy. Finally, the final resultant
image is weighted by weighting coefficients. Experimental results show that the algorithm proposed
in this paper can effectively extract the edge of Daliushu river compared with some classical edge
detection algorithms.
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1. Introduction

It is very important to detect the precise waterfront boundary information of the Daliushu river
by the edge detection algorithm, which is the base of our study on the numerical simulation of the
flow and sediment in the Daliushu river. In the study of the existing waterfront edge information
extraction(e.g.[1,2,3,4,5,6,7,8,9]), the edge detection and the edge connection of the riverbank have
been carried out by the wavelet transform method combined with the ridge tracing technique [1]. In
[2], the morphology and Hough transform was applied to the lock monitoring system, and the
detection and location of the river edge was carried out. [3] proposed an self-adaptive thresholding
Canny edge detection method to automatically extract the edge of the river area. In [4], a method of
river extraction based on the graph model and river prior model is proposed. In [5], a method of
river information detection based on sub-block histogram and regional characteristics is proposed.
[6] designed a filter based on the frequency domain filter to achieve the high-resolution remotely
sensed imagery of urban river channel information extraction. In [7], a multi-feature fusion method
based on local entropy, texture and corner information features of remote sensing image is proposed.
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The support vector machine method combined with geodesic active contour model is used to extract
the river area. In [8], the active contour extraction algorithm is used to extract the irregular
boundary of the waters on the remote sensing image. In [9], the method of cross-entropy threshold
segmentation and improved image segmentation is used to realize the automatic extraction of river
targets. These methods have their own specificity and characteristics, but can not achieve effective
denoising while extracting complex edges. Mathematical morphology [10,11] is a non-linear
filtering method. It uses different structural elements to extract different image edge features.
Large-scale structural elements have strong denoising effect, but the detected edge is coarse.
Small-scale structural elements have weak denoising effect, but can detect thin edge information. In
this paper, an adaptive edge detection algorithm based on weighted morphological algorithm
[12,13,14] is proposed to solve the noise problem and edge complexity problem of the Daliushu
river image, and the edge information of complex waterfront is extracted at the same time.
2. Basic Mathematical Morphology

Mathematical morphology includes four basic operations: expansion, corrosion, open, closed.

Let the original image F and the structural elementbbe a set in the integer spaceZ . The
expansion ofb to F is denoted as F @ b, defined as:

F@b:{z‘(B)ZﬂF:&@} @y

Where & is the empty set, bis the mapping of b, and(B) is the translation of b . The expansion

operation has a dilation effect, it can fill in the image of small gaps, so that the two objects occur
close adhesion.
The corrosion ofb to F is denoted as F®b, defined as:

F@b={z|(b)z c F} 2)

Where(b)Z is the translation of b . The corrosion operation has a contraction effect, it can

eliminate the useless dots in the image, separating the small adhesion between two similar objects.
The opening ofb to F is denoted as F o b, defined as:

Fob=(FOb)®hb (3)

The opening operation can smooth the image, cut off the slender lap and remove the small
spikes on the object.
The closing ofb to F is denoted as F eb, defined as:

Feb=(F ®b)©b 4)

The closing operation can smooth the image, overlay short breaks and fill small gaps or holes in
the object.
3. Edge Detection Based on Adaptive Weighted Mathematical Morphology
3.1 Edge Detection of Mathematical Morphology

Commonly mathematical morphology edge detection algorithm has three kinds: corrosive edge
detection algorithm, expansive edge detection algorithm and expansive and corrosive edge detection
algorithm, defined as:

R, = F — (FOb) ®)
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R, =(F®b)-F (6)
R, = (F ®b)—(F®b) (7
Corrosive edge detection result image R, will lose some edge detail information in the image,
expansive edge detection result image R, will blur the edge of the image, and expansive and

corrosive edge detection result image R will preserve the edge detail of the image and small the

edge of the image blur.
In this paper, we improve (7) to construct a new edge detection algorithm:

R, = (F ob)®b—(F eb)®b )

The improved edge detection result image can detect more detailed waterfront edge information
of the Daliushu river image.
3.2 Improved Mathematical Morphological Edge Detection

The above algorithms only consider one shape and one scale structure element, but the choice
of structure element plays an important role in the edge detection of mathematical morphology. The
shape and scale of structure element will influence the accuracy and efficiency of edge detection.

Different shapes of structural elements can affect the accuracy of waterfront edge detection.
The waterfront edge information of the Daliushu river image is complex, with different directions
of edge information, need to use different shapes of structural elements to detect. In this paper, five
kinds of structural elements are used, taking the 3 x 3 scale as an example:

0O 00({O1O0|(01O0f|1 0O0]|0 01
111,010,111, 010L,010 9)
0O 0 0/|0O10||01O0(|0O 01|12 0O

5 different shapes of structural elements match different directions of the waterfront edge. It can
improve the accuracy of waterfront edge matching.

Different scales of structural elements affect the efficiency and accuracy of waterfront edge
detection. Small-scale structural elements lead to fast computing speed and weak anti-noise ability,
but the details of waterfront edge detection are better. Large-scale structural elements lead to slow
computing speed and strong anti-noise ability, but the details of waterfront edge detection are fuzzy.
Therefore, this paper uses 3 x 3 x 4 x 4,5 x 5, 6 x 6 four different scales of structural elements to
reduce the impact of image and improve the edge detection efficiency and accuracy.

In this paper, we construct the multi-shape and multi-scale structure elementb ., wherei is the

shape of the structure element, and the range of i isi =1,2,3,4,5, where n is the scale of the

structure element and the range of nisn =3,4,5,6. In this paper, 20 edge detection images can be

obtained by using five kinds of structures and four kinds of structural elements.
On the basis of Eq. (8), an edge detection algorithm of multi-shape multi-scale structure
element is constructed:
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R,=(Fob,)®b,—(Feb,)®b, (10)
According to Eq. (10) to calculate the edge detection results of the each shape and each scale

structural elements. The results of the edge detection R, need to be weighted synthesis operations,

defined as:
5
Rn = Z pi Rni (11)
i=1
6
R=> p,R, (12)
n=3

Among them, p, is the weight of the edge detection image of a scale and five shapes of
structure elements, R, is the edge detection result of a scale and five shapes of structure elements,

p, is the weight of the edge detection image of four scale structure elements, and R is a composite

new edge detection image.

Weights p,and p, can be defined as the ratio of the information entropy after the edge detection

to the total information entropy:

p =H, ZS:Hi (13)

IDn=Hn/Za“Hn (14)

Information entropy reflects the richness of image information, but also directly reflects the
proportion of different edges, defined as:

256

H=-> PRlog,(R) (15)

i=1

Where P is the ratio of the pixels in the image with the gray value of i to the total pixels in

the image.
3.3 This Paper Describes the Algorithm

1) The edge detection of Eg. (9) is carried out by using five shapes structural elements with the
scale of three, and the information entropy of Eq. (14) is calculated for the five edge detection
results, and the edge detection images are synthesized by Eq. (12) and Eq. (10) to obtain the edge

detection result R, with the scale of three.

2) The result R, of edge detection at scale four is obtained by using the above-mentioned

operations with five shapes structural elements with the scale of four .
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3) Similarly, edge detection results R,and R, are obtained at scales five and six, respectively.

The information entropies of Eq. (14) are calculated for the edge detection results at four scales, and

the edge detection image is synthesized by Eq. (13) and Eq. (11) to get the final synthesis resultR .
4. Experimental Results and Analysis

Under the condition of Matlab7, the edge detection of the Daliushu river image acquired by
GE software is carried out. In order to detect the effectiveness of the proposed algorithm, the
classical Sobel algorithm, the expansive and corrosive edge detection algorithm and the adaptive
weighted mathematical morphology edge detection algorithm proposed in this paper are compared
and analyzed. Fig. 1 shows the original image, Fig. 2 shows the edge detection result of the Sobel
algorithm, Fig. 3 shows the edge detection result of the expansive and corrosive edge detection
algorithm. Fig.4 is the result of edge detection by the adaptive weighted mathematical morphology
edge detection algorithm. The results show that the Sobel edge detection is not good, and the noise
suppression is not strong. The expansive and corrosive edge detection algorithm is more accurate
but not continuous, and the ability of suppressing noise is improved. The adaptive weighted
mathematical morphology edge detection algorithm proposed in this paper can detect the edges

accurately and continuously, and the noise suppression ability is strong.
| w

Fig.2 Sobel edge detection

Fig.3 Expansion and corrosion type edge detection  Fig.4 The paper algorithm edge detection
5. Conclusions
In this paper, the adaptive weighted mathematical morphology edge detection algorithm is
proposed, which improves the general edge detection algorithm and can keep the details of the
waterfront edge of the Daliushu river. It can effectively suppress the noise in Daliushu river image,
and also provides a basis for the extraction of the river edge latitude and longitude information and
the pretreatment of the river terrain.
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